. been a research endeavor pursued mostly by pathologists. The reason is that the cellular basis of disease -cell injury and repair, which in extreme cases result in cell death and harm to the organism-are classical realms of those medical researchers. However, there is now a general research interest in a type of cell death called apoptosis, which is usually not the result of injury. It is not reversible; it may not be harmful to the host and it may even be necessary for normalcy. This type of cell death is quite different from the necrosis usually studied, which is always the result of injury.
HISTORY AND TERMINOLOGY
The death of cells in the normal development of vertebrates and invertebrates was described originally by Glucksmann in 1951 (1) and by Saunders in 1966 (2). Kerr in 1965 (3) described different types of liver cell death after portal vein branch ligation. Patches of confluent necrosis were seen early, but during the following weeks a different type of cell death was observed in scattered individual hepatocytes that had shrunken nuclei, without any evidence for lysosomal rupture or inflammation.
In 1971, the same author described the ultrastructure of what he called "shrinkage necrosis' The nuclear mass or masses were found to be membraneenclosed bodies containing pieces of condensed chromatin and well-preserved organelles (4). Those morphological changes were also described in a variety of animal tisues under physiological stimulation (5). It was then proposed by Kerr and Searle (6) to name it "apoptosis" (from the Greek: falling ofi), suggesting it might play an role opposite to that of mitosis.
A group of researchers recently attempted to better define the term apoptosis because of confusion in terminology (7). The term apoptosis is sometimes considered synonymous with programmed cell death and it somehow implies a lethal genetic program, which still has not been demonstrated as discussed below. A better term for the deletion of cell populations seen in embryonic development would be programmed cell deletion, which usually occurs by apoptosis.
The adjective programmed would then allude to a developmental program, without implications for casual changes in gene expression.
The term apoptosis then should be confined to a specific form of cell death that plays an important role in development and growth regulation.
MORPHOLOGICAL CHARACTERISTICS
In contrast to necrosis, there is no marked inflammatory reaction and organelle swelling in apoptotic cells. Earlier nuclear compaction and cytoplasmic condensation are observed, followed by breakdown of the nucleus into discrete fragments.
Cells break down into membrane-bound apoptotic bodies or vesicles in which cytoplasmic organelles appear to be intact and most of the apoptotic bodies have a nuclear component. Those bodies are either taken up by adjacent cells in epithelia or they may be sloughed off. Macrophages sometimes play a role in the removal of the apoptotic bodies. This type of cell death occurs in individual cells in an asynchronous fashion, which also differentiates it from necrosis (5) ( Table  1) .
BIOCHEMICAL CHARACTERISTICS
The best-defined biochemical event in apoptosis involves nuclear DNA. It is also possible that apoptosis repressors and inducers could coexist in cells, and apoptosis regulation could result because of differential half-lives or interactions (Fig. 3) . The role of apoptosis in normal growth regulation has not been studied extensively, but research using rabbit uterine epithelium has shown that cell proliferation and apoptosis It has also been shown recently that EpsteinBarr virus latent proteins activate B cell proliferation and decrease apoptosis (58). The effect appears to involve the cellular oncogene bcl-2 (59). The products of the tumor suppressor gene p53 have been described to be involved in arresting growth by increasing apoptotic activity (60). Therefore, evidence shows that cell proliferation and apoptosis may be subject to coordinated but inverse regulation (Fig. 4) .
STIMULUS

CONCLUDING REMARKS
The previous brief discussion of apoptosis characteristics shows clearly its wide distribution in species and tissues, as well as the existence of multiple effectors. However, a reductionist approach would require a single mechanism of action. Originally it was thought that in cells there may be a gene or set of genes (death genes?) that my be programmed to be expressed spontaneously at a given time resulting in the synthesis of lethal products, which would then kill the cells harboring them (suicide?).
The work using C. elegans provides the strongest support of that hypothesis. Nevertheless, existing information shows that many exogenous stimuli can induce apoptosis.
The idea of a suicidal cell program has not been proved to be universal and it would be simpler to consider apoptosis a cellular response to stimuli. 
